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CRC’POCW, C19HS05 (antibiotic T) lm2 isolated in HungarJ from a new Cephalo- 
‘3 sporilurstrain, named Cephalosporiurcrot~inig~~sp~ mm. belongs to the 

group of seequiterpenoid-ester autibiotioe, kmi0ere of which are trichothe- 

cin4, verruoarlnes and roridined, trichodermin6 and diacetoxy-scirpeno17. 

All 0-f them are aotive against a number of pathogenic fungi and inhibit in 

low oonceutratlo~ the growth of Various cell types in tissue culture. Cm- 

tocin IIIG*gwas found to be an ester of ieocrotonio acid, similarly to tri- 

chotheoin I. The aloohol components of trichothecln and crotocin, trichothe- 

colone II and crotocol IV respectively are isomeria but not identical. In the 

following mm are going to submit chemical and spectroscopic evidence in fa- 

your of the prooosed structures III and IV for crotocin and crotocol. 

I trichothecin XSSO 
R=-oo-~CH-CIi3 III crotocin 

. 
II trichothecolone xro 

BIB IV crotccol 

XVII trichcdermol XI 
Bn 3 
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The IB epeotra of the two estera 1 and If1 are veq eimilar, orotooin how- 

-’ ever has no band at 1686 om and therefore oontaixu n0u.p uaaaturat~ keto 

grow. It also does not foa a 2r+dinltropheny~dramme in oontrm to tri- 

ohotheoine. 

crotOuo1, “15E2004 , a readily oryetalllsing eubstanoo, im a diepoddo aloohol 

IV,mp+4o,LX2100~ (~r483olinethanol,/av*~ * -6,4 O (0 I2,Ol sla 

ohlorofom) uhloh ie formed upon rild alkaline Qdrolyeie of orotoola or 

applying the method of Zen&# and on mioroblologioal hfdrobsia12; X-m 

diffraation data obte%ned from orotoool owetale lead to an orthorombio unit 

oell. Reeultu are conelatent with the P212121 apace grolqp 10 . 

Kuhn-Roth determinationa ahOwed that orotoool mu& poseem three O-methyl 

group8* No methoXy1 group warn debated. Itoorliains one aotivohydr&?4a (* 

&0~y1 group) end ooneequently give6 readily an aoetyl derivative, mp* l28' V. 

The latter on hydrolysie 

The baud at 1670 amW1 In 

enlo uneaturatlon of the 

at room temperature with 

a&'&m Of epOXid68. 

wlth’methanolio potaerium mro@e ga- orotoool; 

the IR e&trum of orotoool ia attributed to ethyl- 

tgpe l?E'>cwHR"; Crotocol prodmed QE iona even 

eodlumthiomllphate In 5091aoetone 13 , atypioal re- 

Cratoool wa8 readily hydrogenated at ordinary pressure and room temperature 

with palladlmharooal catalyet in methanol, one mol of hydrogen be* ra- 

pidly absorbed to give a cryetalline mixture of dlhydroieocrotocol-A VI end 

dihydroieocrotocol-B VII respectively. During thla proceee a new hydroxyl 

6rOuP - but no new metho grow @&) was formed in both products and the 

reaction of epoxides dieappeared. l?he olefinio double bond of arot- was 

retained and could be saturated only after l-2 hour& Bwwtion of orotocol 

with MAUI4 gave only oompound B VII. By comparlean, the.elngle epoxide ring 

of trlohothecolone wee no% hydrogenoliaed oatalytioall;l under 6imilar con- 

ditions, the eth+&o double bond be- w eaturatedi Trlohodermo16 reacte 

eimilarly to trlahotheoolonei Furthermore, treatment of verruoarol dth 

LiAlE4 gave a di$ydrwer~arol contqlning a tertw methyl group 101’8 than 

the etart* materia15. 
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The aahmned reaativ&ty of oroi~oool on oataWio hydrogenation asnbe explain- 

ed by a sterioslly fewurably cited diepoxide ejlltea, whlah is aonfiamed by 

the Stuert=-Briegleb stenomodel of arotoaol. Similar results sre ment.$oned by 

Agnello, Pinson jr. md Laubaah14. On aetalytla.hydrogenation of 8ti (14aG), 

9aL (IlcL r_dirpOzld~~22-~rgOEtadi~~~~41 eaetete over Llndlar catalyst et 

ordinary pressure snd rooll temperature one mol of H2 is absorbed. The result- 

ing produa&is 6,8,22_ergostatrlen, 3@, lW, 14aGtrlol-+acetate Le. the 

diepoxide system is split snd two new hydrw1 group6 are formed together 

with a new olefinia double bond. Crotoaol on aatalytla hydrogen*fion over 

Llndlar aatalyet similarly took up one a01 of hydrogen. !Phe resulting mixture 

aonslsted Of dlhydroisaarotoaol-l, snd B for whiah structures VI end VII are 

now proposed end will be disaussed later. 

arotoaol IV +E8,---+ *I*oH 

6-J bH 
di&ydrolsoarotoool-A diwdroisocrotoaol-B 

VI VII 

Dlhydroleoarotaaol~A end B can be separated by thin layer chrometogrerghgr. VI 

gives an smorphous dlaaetate VIII, upon scetylation et room temperature in 

pyridlne-saetla snhydride. VI gives also a crystalline trityl ether IX, which 

aan slso be obtained on hydrogenation of arotocln, followed by trityletlon 

and alkaline hydrolysis. On oxydetion with chromic anhydride, VI gave the 

corresponding ketonia acid C H 0 X. tap. 178-181') but wes recovered I& 15 18 5 
changed upon treatment with both aqueous H2S04 and UAlli4. 

These reactions indlaete clearly the presence of a prlmsry alcoholia function. 

Dihydroisoarotocol B W&J reaovered unahenged upon treatment with conaentrated 

Hal st roo1 temperature but gave a crystalline monoeaetate XI upon treetment 

at 20' dth aaetia snhydride and pyrldine indicating the presence of a 
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tertiary hydroxyl-group whichzesiste aoetylation. 

Crotocol is extremely sensitive toward aeidsi 0,02 Seulphurio acid or 0.5 

Waetie mid at room teaperatyre give isocrotocol A XII, mp. 2270, oontdn- 

ing three OR groups rhioh upon aeetglatloa at 20' gave a crJstalllne tri- 

acetate XIII, nrsltiag at 122'. XII gives also a mono-trityl ether XlV, 

u l-4 

Iv + R308 -> 
RO 

XII. B I R' P Rd” XIII. B I B' = R" P COCR 3 XIV. RP RN-_ H; R' P Trityl 

When arotoool and 5 R sodium hydroxide solution were boil?d, a crystalline 

material, lsoorotocol B XV, mp* 230' , was isolated, whioh on acetylatlon at 

20' gave a diaoetate XVI, mpg 158' , a tertiary bydroxyl group remaining free. 

AR" 

XV. RI. R' P RN t H XVI. R' z B: R o R" z 0COCE3 

In the following we will disouss the NMR spectra of crotocol and its deri%+ 

atives which provide strong evidenae for the proposed structures IV, VI, VII 

and XV. 'Ihe spectra were obtdned at 60 and/or 100 Allis from CDC13 solutions 

oontsining TU8 as internal referenoa sad extensive use was made of the 

double reacnauae tecbnique15 for the correct assignment of chemiosl shifts 

and the deteotioa of small end unusual couplings~~ The results are given in 

Table 1. Chemical shifts exe in p,p.m* from TU8, coupling constants (absolute 

value) in Ho. 

A first look at table no. 1 show8 imnrediatelJ 8ome striking similarities 

between the spectra of crotocol Iv, triohodemol XVII and trichothecolone II; 

Each ctompound has two tertiary methyl groups (6~ 0,75 - 1.0) and a n&thy1 
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group m a double boad (6~ 1,7 - 1.99); The ruamabcu for the proton8 at 

02' C3, C4 and Cl3 are eseentially idantloal dth rupectto chemioalahiftm 

and oouplint~ colretanta and are stroaa evidsnes for the preeenoe of the 

6,,-C,5 epozlde An crotocol. 

A mador diiference between orotocol ad triohothecoloae ia found in tin re- 

aonanoo of the protona at 07, Og, and C$O. fh fact, when the two proton0 at 

C7 In trlohotheoolonu glva an AB eystar dth a typical gemlnal ooupl&g oon- 

etant of JIB P 17.4 Hs, in orotoool we observe two violnal proton8 at O7 and 

Cg with&+ H7 I 3.38, 6 I#, I 3;'13 and J7+ P 4.75 Hs. The chemical ahifta and 

ooupliag oonetantm fit nicely with the obrrerved retaonanoe8 for two vlcinal 

proton6 on an epoxide rln@ in conjugation with ax eleotron system (1,2_epgp- 

-3-butanona gives 6, I 3;0,~x I 3.32, JBI t 5.2 I@/> Aleo the reN)cIoL1(u1(3e 

of Hlo In trichotbeoolone (6~ 6.49) I8 typIca for afi proton in a cyclic 

4L(3-unsaturated carbonyl eyetea - the analogour, prctm In carvone resonatea 

at 6 P 6.7517 - whereu Hlo at or~toool is found at 6 I 5.70. 

These faots together with the obeervation of an allylio ooupllng between HI0 

and H6 (J6,_lo I 2;4 Iis) and of a large long range ooupllng between Hl1 and 

&I c9 J7_11 m 3.4 Es) for which a rlgoroua eterloal relationshlp ie required 18, 

has led TV to poetulate the presence of a second epoxide ring in orotccol lo- 

oated in P ConfigUratiOn on the C7 - 06 carbon atOMr' 

The NMR speotra'allowed a straight forward interpretation of the tramformat- 

loaa incurred br orotocol under the influeme of acide, bases and reducing 

agent& The product8 so obtained can be divided into two series, the iso-!! 

and lee-B derivative& 

The spectra olearly show that in all the derivativea the Cl2 - Cl3 eptide 

ring bae been opened and a new tetrabydrofuran (ieo-A) or tetrahydropyran ,. 
ring (ieo-B) haa been formed through mutual interaction of the two original 

epoxidea. 

We observe in faot a psramagnetio shift for the Cl3 protone fro8 6 p 2.e-3.2 
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(II, IV. v. XyII) to 6 = 3.64. - - 4.01 in VI, VII, XI, XVI, and toSm4.14J3 

FoXIIIi Inthi~tranaformationthe aFi&mlgrrinrloorrpling eon&ant 513.113’ 

- 3.75 - 4.0 Iis iqpioal ion epoxidey16*1g deareaeee drastloally to J13_13, ,= 
I (0) 11,o - 12 ,O Iis a n&ma1 valw for a geminal couplins between two 

msgnotioally non equivalent proton8 B-CH2-O-It' in a free group or a tetra- 

hydropyrak ringl9'r l A rrlmilar paramagnetio shift is also observed for the H2 

reaonaaoe whioh goea from6 I 3.81 - 3.98 in II. IV. V. VI. XVII to&= 4~1 - 

- 4645 in VII, Xc XI, XIII and XTI. In accordance to the proposed formulae we 

alao obnem the following featuresa 

- In the dihqdrol6o-A and B aerles the B8 reaonmae at 6 I 3.153114 in IV 

and Vie loHand one find0 inetead two protons of a aethylene group at 

6 D 2.i5-2.25 in VI and VII and their derivatives VIII awl U whiah ehow an 

alW%o ooupling 4th Floe J8_lo 111 2.0-2.4 Es. &y compafiaon, the re~onanoe 

for the C& methylene group of trichodermol ie found at6 P 2;O 

- the eoetylation of VII gives XI, a monoaoetate in which the El3 and H13, 

ceeonanoe8 have not been shifted; at 6rli63 one finds a alightly broadened 

signal due to a tertiary hydrowl group which disappears upon addition of 

D20 to the ohloroform solution 

- isocrotoool A-triaoetate XIII and ieoorotoool B diacetate XVI show a si- 

milar behaviour as far aa the Cl3 metblene resonance is concerned. XIII 

exhibit8 the paramagnetio shift to& t 4;14;3 whereas XVI doe8 not (6~ 

P 3.66-3.97) but gives instead a broadened signal at& D 1.80 which dle- 

egpeara upon addition of D20. In both oompounde we find a proton at C8 in 

the& P 5.67 and 5.l8 region a clear indiaation that the newly lntroduoed 

orgeen function ia a secondary alcohol which undergoee easily aaetylation;' 

Bterioal factors can be accounted for the difference in chemical shift bet- 

ween the two reaontwe8 and are also responsible for the small vioinal 

~oupl*oonstantbelzlw3nH7 andI+ 

- during these trsiasformationa the reaonanoea of the C3 and C4 pmtona are 

Practioally unchanged If one taken into aooount thit nufnal paramagaetio 

shift for s when SOiq from the free alcohol to the ester6 in V, VIII, XI, 
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XIIIamd XVI. The mmecau be said of 

J*3 
and JS3, uhiah remain unaltered 

.lr 

A 

the pammagnetlo shift of 82 U&31 OS31 upon opaning of *be apexid r&zig at 

Cl20au is in good agreement with the observed aaleotropio effeots of thros 

llm&ered rings 20. 

oharacteristio feature of the chemistry of triohotheoolona and its derivati- 

No.17 

the ooupliog oonmtants J3_4, J3_3, , 

inallaompouuda; 

bee la the fact that the epoxide under oertain cirwustmoe8 im susoeptible 

to Intramolecular nucleophllio attaoks aocoqpauied by skeletal rearraugexerrtis? 

Trichothecolone, verruuarol, trlchodermol and their esters are rapidly attaak- 

ed by strong aoide with opening of the oxirane ring. Buring this prowee the 

protonated epoxide is attaoked by the 0 atom of the middle ring (B) and a re- 

arrengement takes plaoe. In the aase of orotociu or crotocol the oxiraue ring 

mentioned above in easier attacked by the 0 atopl of the other epoxide (bet- 

ween 0, aud C6) than by the 0 atom of the less reactive tetrahydropyran ring 

(B). Acoording to this the following reaction takes placer 

dl-l t)H dH 
with formation of a new heterocfllia ring from the two epoxide group& 

On treatmant of orotocol with boiling dilute sodium hydroxide solutiant the 

epoxide of ring A & opened and au oqfgen anion attacks the other epoxide 

group /XV from IV/C 
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